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1. Introduction
Dalbergia sissoo Roxb. (Fabaceae), a timber tree, is 
indigenous to India, Nepal and Pakistan. Tradition-
ally, the bark and wood are reported to be bitter, 
astringent, abortifacient, expectorant, anthelmintic 
and beneficial in the treatment of skin diseases 
(leprosy, eczema, scabies, leukoderma) and stom-
ach troubles. Leaves are used in gonorrhea, leuco-
rrhea and wound healing [1−6]. Oil from the wood 
of D. sissoo is reported to have larvicidal and re-
pellent action against mosquitoes [7]. The leaves 
have been shown to be antidiarrheal [8], anti-
inflammatory [9], analgesic and antipyretic [10]. 
The roots of D. sissoo are reported to elicit uterine 
muscle contracting activity [11]. Triterpenoid gly-
cosides from the ethanol extract of D. saxatilis are 
reported to have antifertility activity in female 
rats [12].
Several potential approaches for the control of 
the population by induction of infertility have 
been investigated, including chemical, hormonal 
and immunological approaches. Currently, plant-
based medicines have been shown to be useful and 
many plants are being screened for antifertility 
activity [13−19]. Plant-derived substances have the 
potential for development as a vaginal contracep-
tive agent. Therefore, the present study explored 
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the anti-spermatogenic potential of ethanol extract 
of the stem bark of D. sissoo.
2. Materials and Methods
2.1.  Plant material and preparation of 
plant extract
The stem bark of D. sissoo was collected from the 
Hisar District, Haryana, India in July and authen-
ticated by Dr. HB Singh, Head, Raw Materials 
Herbarium and Museum at the National Institute of 
Science Communication and Information Resources, 
New Delhi (ref no. 06/736/53, dated 18.08.06). A 
voucher specimen has been deposited in the Phar-
macognosy Division of the Department of Pharma-
ceutical Sciences, Guru Jambheshwar University of 
Science and Technology, Hisar, Haryana. The plant 
material was air dried at room temperature and 
then powdered.
The dried, powdered stem bark (1 kg) was ex-
tracted with ethanol (95%) by a hot continuous 
extraction method for 72 hours. The extract was 
evaporated to dryness in a rotary vacuum evaporator 
at 40−50ºC to yield 0.54% of brown extract. The 
extract was stored in a refrigerator at 4ºC until fur-
ther use. Stock solution of the extract (10 mg/mL) 
was prepared in normal saline for in vitro studies.
2.2. Animals
Male albino mice of Swiss strain, between 60−70 days 
were obtained from Haryana Agriculture University, 
Hisar and used for the experiments. The animals 
were given a balanced diet and water ad libitum 
and the temperature was maintained at 25 ± 2ºC. 
Animal handling and all procedures were performed 
in accordance with the guidelines of the Institutional 
Animal Ethical Committee, Guru Jambheshwar Uni-
versity of Science and Technology, Hisar, Haryana, 
India (reg. no. 0436).
2.3. Phytochemical analysis
The alcoholic extract of the stem bark D. sissoo was 
subjected to the following tests for phytochemical 
screening by standard methods. Carbohydrates were 
identified by Molisch’s test, proteins were deter-
mined by the ninhydrin test, triterpenoids and ste-
roids were measured by the Liebermann-Burchard 
test, tannins were identified by Braemer’s test, alka-
loids were measured by Dragendorff’s test, saponins 
were identified by the hemolysis test, glycosides 
were determined by Legal’s test, flavonoids were 
identified by the Pew test and fixed oils were deter-
mined by the presence of oil stains on filter paper.
2.4. In vitro studies
2.4.1.  Preparation of sperm 
suspension
The experiment was conducted on human sperm. 
Semen was collected from 15 healthy fertile men 
after 2−3 days abstinence from sexual activity. The 
semen samples were stored at 37ºC in an incubator 
for half an hour. The semen analysis was performed 
as per WHO guidelines [19]. Samples that had a 
volume of 2 mL, motility of 50%, sperm concentra-
tion at 60−90 × 106/mL and more than 60% with nor-
mal morphology were used. Five such samples were 
used for each study.
2.4.2. Chemicals
Eosin Y (1% solution in distilled water) and nigrosin 
(10% solution in distilled water) were of analytical 
grade and obtained from Loba Cheme Pvt. Ltd. 
(Mumbai, India).
2.4.3. Immobilization assay
From the stock solution of the extract, concentra-
tions of 1, 3, 5, 10, and 20 mg/mL were prepared 
in normal saline and were mixed at the ratio of 1:1 
with the sperm suspension. Physiological saline so-
lution (PSS), pH 7.4, was mixed at a ratio of 1:1 with 
the sperm suspension to be used as a control. A drop 
of the mixture was immediately placed on the glass 
slide, covered with a cover slip and at least five 
fields were examined under a microscope at 100× 
and the motility was noted. The mixtures were in-
cubated at 37ºC at 1, 2, 3, 5, 10, 15 and 20 min-
utes and sperm motility was noted following the 
Sander-Cramer method [20,21].
2.4.4. Sperm viability test
Sperm viability was determined by the eosin-
nigrosin staining technique [19]. One drop of the 
mixture was mixed with two drops of 1% eosin Y. 
After 30 seconds, three drops of 10% nigrosin solu-
tion was added and mixed. A drop each of the 
extract-treated semen-eosin-nigrosin mixture and 
the PSS-treated semen-eosin-nigrosin mixture (con-
trol) was observed under a microscope. Unstained 
sperms were counted as live and stained sperms 
were counted as dead.
2.4.5. Sperm morphology
Sperm morphology was observed under a microscope 
by the eosin-nigrosin staining technique [19]. Any 
change in morphology was noted.
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2.4.6. Sperm revival test
After completion of the experiment, the mixture of 
the sperm suspension and extract was washed with 
PSS and incubated at 37ºC, and after 20 minutes, 
reversibility of sperm motility was observed.
2.4.7. Hypo-osmotic swelling (HOS) test
The effect of extract on sperm membrane integ-
rity was studied by the HOS test [22]. Sperm was 
incubated at 37ºC for 30 minutes with 1 mL of HOS 
solution (7.35 g sodium citrate and 13.51 g fructose 
in 1 L of water with 150 mosmol). The presence of 
coiling was observed.
2.5. In vivo activity
2.5.1. Toxicity study
Initially, the extract was studied for acute oral 
toxicity as per revised Organisation for Economic 
Co-operation and Development guidelines No. 423. 
The extract was devoid of any toxicity up to 
2000 mg/kg in albino mice by the oral route. There-
fore, for further studies, one tenth, i.e., a 200 mg/kg 
dose of extract, was used.
2.5.2. In vivo anti-spermatogenic study
The mice were divided into two groups and each group 
consisted of six mice. Group I (the control group) 
received 1 mL of Tween 80 (1%) per orally and group 
II received ethanol extract at a dose of 200 mg/kg 
body weight per orally for 20 continuous days. All 
the mice were sacrificed on the 21st day, 24 hours 
after the last treatment. The testis and epididymis 
were dissected out, freed from surrounding tissues 
and weighed quickly up to the nearest milligram 
on an electronic balance. The testis and epididymis 
were fixed in Bouin’s fluid for histological studies, 
embedded in paraffin wax, sectioned at 5 μm and 
stained in Ehrilich’s hematoxylin and eosin. The 
epididymal sperm count was performed by using a 
Neubauer counting chamber.
2.6. Statistical analysis
Data are expressed as mean ± standard error of the 
mean. The data were analyzed by using one way anal-
ysis of variance followed by Dunnett’s test. A p value 
< 0.05 was considered to be statistically significant.
3. Results
3.1. Phytochemical analysis
Preliminary phytochemical screening of the ex-
tract showed the presence of steroids, tannins and 
flavonoids.
3.2. In vitro study
3.2.1. Motility analysis
Motility of the sperm decreased as the concentration 
increased. Ethanol extract at 20 mg/mL immobilized 
all the sperm within 3 minutes (Table 1).
3.2.2. Sperm viability
Sperm death was evaluated in the drug-treated sam-
ples using the eosin-nigrosin staining technique. 
Sperm viability was decreased dose-dependently. 
A total decrease in sperm viability in the group 
treated with extract at a concentration of 20 mg/mL 
was observed in 5 minutes (Table 2).
3.2.3. Sperm morphology
There was no change in the morphology of sperm 
treated with the extract compared with untreated 
sperm.
Table 1  Effect of different concentrations of ethanol extract of stem bark of Dalbergia sissoo on the motility of 
human sperm
Time (min)
 Motility (%) at different concentrations*
 Control 1 mg/mL 3 mg/mL 5 mg/mL 10 mg/mL 20 mg/mL
 0 85.29 ± 1.40 83.11 ± 1.15 81.44 ± 1.56 81.92 ± 1.38 80.65 ± 1.77 81.00 ± 0.73
 1 85.25 ± 1.11 71.62 ± 1.23† 70.37 ± 2.14† 68.71 ± 2.48† 50.04 ± 1.79† 20.05 ± 1.39†
 2 83.03 ± 1.52 71.56 ± 1.32† 64.99 ± 1.47† 52.02 ± 1.82† 35.20 ± 1.47† 7.75 ± 1.10†
 3 80.71 ± 0.97 67.34 ± 1.32† 61.03 ± 1.68† 45.83 ± 1.79† 30.17 ± 1.34† 0
 5 73.18 ± 0.45 59.69 ± 2.38† 50.16 ± 1.85† 40.40 ± 1.86† 15.44 ± 1.48† 0
10 77.53 ± 0.83 50.67 ± 1.95† 33.94 ± 0.69† 17.24 ± 0.45† 6.97 ± 1.01† 0
*Values are expressed as mean ± standard error of the mean; †p < 0.01 compared with control.
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3.2.4. Sperm revival test
Sperms immobilized by the treatment of the extract 
were studied for revival, but none of the sperms 
regained motility when washed with PSS solution 
and incubation at 37ºC for 30 minutes.
3.2.5. HOS test
Coiling was observed when PSS was added to the 
sperm suspension. No coiling was observed when the 
sperms were treated with the extract. Therefore, 
the extract damaged the membrane integrity of the 
sperms.
3.3. In vivo studies
3.3.1. Sperm motility and count
A significant decrease (p < 0.01) in percent epididy-
mal sperm motility and sperm count was observed 
in the extract-treated group compared with controls 
(Table 3).
3.3.2. Body and organ weights
The final weight of the mice of the control and 
treated groups was increased compared with their 
respective initial body weights. There was a signifi-
cant decrease (p < 0.001) in the weight of the testis 
and epididymis in the extract-treated (200 mg/kg) 
mice compared with controls.
3.3.3.  Histological changes in the testis and 
epididymis
The testes of the control group showed normal fea-
tures. Long convoluted seminiferous tubules were 
present in which the spermatozoa develop. The 
seminiferous tubules contained sertoli cells and 
leydig (interstitial) cells were situated in between 
the tubules (Figure 2A). In mice treated with extract 
at the dose of 200 mg/kg body weight (Figure 2B) 
some lesions were observed, and the seminiferous 
tubules appeared reduced in size. No morphological 
changes were observed in sertoli cells. The intersti-
tial space was also increased because of shrinkage 
of the seminiferous tubules. Normal convoluted tu-
bules were observed in the epididymis in the control 
group (Figure 3A). The space between the epithe-
lial cells was increased in mice treated with the 
extract (Figure 3B). The epithelial cell height was 
increased in the ethanol-treated mice compared 
with controls.
4. Discussion
The present investigation evaluated the extract of 
stem bark of D. sissoo for its sperm-immobilizing 
and contraceptive efficacy in vitro. Our results 
showed that the extract exerted dose-dependent 
sperm immobilizing effects. The fertilizing ability of 
sperm is not only dependent on motility, but also on 
other functional characteristics. Therefore, besides 
motility, other parameters, such as viability [19] and 
HOS [23,24], are now being increasingly assessed 
to predict a successful outcome. We found specific 
alterations in sperm functional characteristics after 
exposure to different concentrations of the extract. 
Table 2  Effect of different concentrations of ethanol extract of stem bark of D. sisso on the viability of 
human sperm
Time (min)
 Viability (%) at different concentrations*
 Control 1 mg/mL 3 mg/mL 5 mg/mL 10 mg/mL 20 mg/mL
 0 90.81 ± 1.36 89.36 ± 1.50 87.58 ± 0.86 89.72 ± 1.41 91.63 ± 2.17 87.25 ± 1.23
 1 89.23 ± 2.37 83.48 ± 2.34 81.92 ± 1.06† 72.57 ± 0.81‡ 63.41 ± 1.64‡ 50.34 ± 1.79‡
 2 84.44 ± 1.78 80.01 ± 2.75 73.49 ± 1.71‡ 61.68 ± 1.25‡ 42.22 ± 1.84‡ 35.09 ± 1.76‡
 3 82.73 ± 1.53 72.34 ± 1.46‡ 70.12 ± 1.89‡ 50.05 ± 1.49‡ 31.35 ± 1.46‡ 24.85 ± 1.58
 5 79.96 ± 1.52 68.58 ± 1.22‡ 61.84 ± 1.95‡ 44.52 ± 2.38‡ 25.99 ± 1.91‡ 0
10 74.47 ± 1.76 61.48 ± 1.74‡ 50.00 ± 1.35‡ 38.49 ± 2.57‡ 20.14 ± 1.64‡ 0
*Values are expressed as mean ± standard error of the mean; †p < 0.05 compared with control; ‡p < 0.01 compared with control.
Table 3  Sperm motility and sperm count after 20 days 
of treatment with ethanol extract in male 
mice*
Treatment  Sperm count 
Sperm
(200 mg/kg)  (million/cauda 
motility (%)
extract tissue)
Control 25.20 ± 1.33 53.06 ± 0.85
Ethanol 15.20 ± 0.86† 25.83 ± 0.65†
*Data are expressed as mean ± standard error of the mean; 
n = 6 in each group; †p < 0.01 compared with control.
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The sperm immobilizing effect was concentration-
dependent. An extract concentration of 1 mg/mL sig-
nificantly affected sperm motility; however, at this 
concentration, total immobilization of sperm was 
not possible even after 10 minutes of incubation at 
37ºC. Complete sperm immobilization was noted 
within 3 minutes at a concentration of 20 mg/mL 
of the extract. Moreover, the motility could not be 
A B
Figure 1 Physiological saline solution-treated semen-Eosin-Nigrosin mixture. (A) Control and (B) extract treated 
semen.
A B
Figure 2 Transeverse section of the testis (haematoxylin-eosin stained). (A) Control and (B) ethanol extract treated.
A B
Figure 3 Transeverse section of the epididymis (haematoxylin-eosin stained). (A) Control and (B) ethanol extract treated.
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Table 4 Body and organ weights after 20 days of treatment with ethanol extract in male mice*
Treatment 
Initial body Final body Weight of testis Weight of epididymis
(200 mg/kg) 
weight (g) weight (g) (mg/100 g) (mg/100 g)
extract
Control 30.67 ± 0.71 32.16 ± 0.74 324.80 ± 1.05 268.63 ± 2.44
Ethanol 24.00 ± 1.93 25.12 ± 1.91 213.00 ± 2.60† 115.48 ± 1.32†
*Data are expressed as mean ± standard error of the mean; n = 6 in each group; †p < 0.001 compared with controls.
revived in the extract-treated sperm when the ex-
tract was washed and replaced with fresh media. 
This indicates that the composite extract caused 
irreversible damage to the sperm.
HOS is a response that reflects the functional 
integrity of the sperm membrane. Following expo-
sure to a hypo-osmotic environment, the intact 
sperm membrane permits free passage of fluids into 
the cell to reach osmotic equilibrium. As a result, 
the sperm volume increases and the plasma mem-
brane bulges. Since the plasma membrane around 
the sperm tail fiber is more loosely attached than 
that around other parts, the sperm tail is particu-
larly susceptible to hypo-osmotic exposure and re-
sponds by coiling [23,24]. This observation suggests 
that the functional integrity of the sperm membrane 
was lost following exposure to the extract. This 
result was further supported by a differential reac-
tion of normal and extract-exposed sperm to eosin 
Y-nigrosin. Functionally intact membranes in live 
sperm offer selective permeability, and therefore, 
they debar entry of colorants such as eosin Y. More 
than 98% of control spermatozoa showed no eosin 
staining, whereas almost all sperm in the extract-
treated groups were positively stained with eosin Y 
(Figure 1). Therefore, the extract led to loss of 
functional integrity of the sperm membrane. The 
effectiveness of vaginally delivered spermicidal 
preparations may be affected by several factors, 
such as distribution of the preparation in the vagina, 
its removal or displacement by the coital act and 
effects of vaginal secretions on the spermicide.
Our in vivo results showed that there was a sig-
nificant decrease in the weight of the testis and 
epididymis (Table 4). The decreasing weight of the 
reproductive organs in the extract-treated male mice 
clearly indicated that the extract caused structural 
and functional changes in the testis and epididymis. 
Sperm count and sperm motility were significantly 
decreased in extract-treated animals. The decrease 
in sperm count suggests alteration in sperm pro-
duction in the testis. The decrease in sperm motility 
suggests alteration of sperm maturation in the epidi-
dymis. A negative impact of the extract on the struc-
tural and functional integrity of the testicular tissues 
was shown by the histological data highlighting the 
damage of the interstial tissues, with a decrease in 
the number and size of seminiferous tubules com-
pared with those in the control animals. A reduction 
in the size of the seminiferous tubules is directly 
related to low testosterone production.
The structure and function of the epididymis 
are dependent on androgens [25]. In the present 
investigation, a dose-related suppression of cauda 
epididymis sperm motility in the ethanol-treated 
groups suggests an undersupply of testosterone to 
the epididymis, and therefore, impaired epididy-
mal function. The impaired epididymal function may 
also be due to reduced activity of the testis, which 
affects the normal passage of testicular fluid into the 
epididymis [26]. Fransworth et al [27] documented 
the role of steroids and flavonoids as potential sper-
micidal agents. Ethanol extract in preliminary pho-
tochemical screening has shown the presence of 
steroids and flavonoids, which may be responsible 
for its anti-spermatogenic activity.
We conclude that the ethanol extract of D. sissoo 
stem bark possesses an immobilizing factor that 
probably reduces motility by causing sperm non-
viability by disrupting the membrane architecture 
of the sperm cell. Therefore, the future potential 
of the plant D. sissoo as a local spermicidal agent 
appears to be promising.
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